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ABSTRACT 


Photovoltaic P/stems Test Facilities (PV-STFs) are used to evaluate 
complete photovoltaic systems, subsystems, and their interfaces. This report 
presents a general description of PV-STFs presently operated under the U.8. 
Department of Energy's Naticmal Photovoltaics Program, as veil as descriptions 
of a nudber of privately operated facilities reflecting current understanding 
of those having test capabilities appropriate to PV hardvare development. A 
stmraary of specific, representative test capabilities at the system and 
subsystem level is presented for each listed facility. This compilation 
indicates the range of system and subsystem test capabilities presently 
available to serve the needs of both the National Photovoltaics Program and 
the private sector photovoltaics industry. 
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BXI^UTIVE SUMMARY 


To Beet the objectives of the U.S. DepertMot of foergy's Metionel Photo* 
vol talcs Prograat a mmber of evaluati(m, environnental y and perfonsaace testa 
of photovoltaic systeas, aubsysteasi and aajor systea cM^nents will be 
required during the next several years. This report is a description of test 
facilities identified as currently available to support anticipated ProgrM 
system-level test activities. It also lists test capabilities at the sub- 
system and major coiq>onent levels where these activities directly support pro- 
grammatic system test requirements. Many of these facilities are presently 
available to support photovoltaics development activities within the private 
sector. ^ 

Eleven test installations have been identified and surveyed to provide 
data summarizing their test capabilities. Of the eleven queried, four are 
Photovoltaics Program centers and seven are private testing laboratories. 
Tables 1 and 2 present an overview of these facilities. 

Several other test facilities were identified as having PV-related test 
capabilities. These include the Florida Solar Energy Center, Hawaii Natural 
Energy Institute, Southern Solar Energy Center, and the Southwest Research 
Institute. These facilities have not been detailed in the present document, 
either because their availability to the Program is uncertain, or their 
emphasis is upon thermal technologies, "outside-the-fence" testing, or product 
certification. The latter activities lie beyond the scope of the current 
Photovoltaics Program. 

The four Photovoltaics Program centers presently operate facilities with 
system- level test capabilities. This means that complete photovoltaic 
systems, consisting of array, power processing units, controls, and storage 
where appropriate, can be installed and operated to permit evaluation of 
system performance characteristics in a realistic environment. The Program 
centers also operate facilities for testing separate subsystems. Taken 
together, the system and subsystem level test results permit verification of 
system and subsystem design, performance, and interface requirements, as well 
as validation of performance models and design methodologies. 

The private laboratories surveyed report test capabilities covering a 
wide range of environmental and accelerated life testing appropriate to the 
development requirements of photovoltaic subsystems and components. Although 
none of these laboratories presently exhibit system-level test capability, 
these facilities nevertheless represent a substantial resource available to 
support important elements of the overall system development effort. 


^The Residential Experiment Stations (RES) currently operated as part of the 
Photovoltaics Program have not been included in this compilation. The RESs 
were established for the purpose of conducting operational experiments on a 
set of prototype systems of fixed configurations. The Systea Test Facility 
(STF) is designed to accept and test systems and subsystems in a manner which 
permits frequent configuration changes. The two existing RESs may eventually 
be adapted for more general use as STFs. Opti<ms presently under consider- 
ation include their direct availability for use by private industry. 
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IRTRODUCTION 


A. BACKGROUND 

In the developaent of new lourcee of energy for the United Stetee* 
eseeiMent of the terreitrial photovoltaic (PV) option haa been <mly recently 
initiated. As in aost new technology prograui early PV syst«a developaMnt 
efforts have relied extensively on sradeling and sitaulation to aasiat in 
designing operational systems prior to their deplo};ment. Despite at^h 
analyses I any nevly-deve loped technology may experience unforeseen problossy 
particularly in the interacti<ms between ai^systems» and bettveen the aystem 
and the operating environment. To identify and address such problMS prior to 
actual system deployment, some form of testing and evaluation of full-scale 
prototype systesM wndcr realistic operating conditions is essential. 

In recognition of this need, an early step taken by the National 
Fhotovoltaics Program was to initiate a planning activity i^ose purpose was to 
ensure the availability of test facilities adequate to the requiresMnts of the 
Program. Participating in this activity irere representatives of the principal 
Program centers involved in photovoltaic technology developaient and testing. 

One of the first steps taken in this planning process was to compile 
information about PV systems test facilities both available for, and 
appropriate to, the specific testing requirements of Progm- sponsored system 
development efforts. Included were facilities within the Fhotovoltaics 
Program centers, as well as state-supported and private facilities. The first 
ST? listing Capabilities Compilation , issued by the Jet Pro]^lsion Laboratory 
in August 1981, sussMrized the collected PV-STF information and addressed the 
question of future Fhotovoltaics Program PV-STF requirements. 

The present compilation has been updated to reflect recent substantial 
revisions in the National Miotovoltaics Program structure and funding level. 
The current Fhotovoltaics Progrui is based on (1) an allocation of resources 
which will require the pursuit of considerably feirar technology options, 

(2) technology transfer to the private sector at an earlier stage of the 
development sequence, and (3) greater reliance on Industry at all levels of 
technical decision-making. Accordingly, it should be noted that many of the 
facilities included in this revised compilation are currently available to the 
PV industry at large, while continuing to serve those activities directly 
supported by the Program. 


B. SCOPE 

Ihe PV-STF characteristics summarized herein include the teat 
capabilities of prisMry interest in the developawnt of <4iotovoltaic syst«aa 
for all appplications areast remote stand-alone, small roof-mounted. 
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wedl^-tir.e, «nd large ground~nouated ayeteMit Test capebllities are 
characterised as follows: 

(1) Facility capacity/rating: maxima power handling capability, 

thensal capacity, storage capacity, etc. 

(2) Test 1-vel: total system, subsystem, or major system component. 

(3) Capacity to test in grid-connected mode, stand-alone, or both. 

(4) Specific measurement capability as to type and capacity, where 
applicable. 

This ccMiipilation lists several facilities whose primary capabilities are 
in subsystem and conq>onent testing (environmental and accelerated life). 
Although not strictly a part of system-level testing, subsystem and component 
testing constitute iiq>ortant elements of the overall system development 
process. Additionally, most testing of established products is performed si 
the subsystem and component levels. As more is learned about PV system- 
subsystem interactions and how to better model and simulate those 
interactions, testing at the subsystem and component levels is expected to 
assuae an increasingly important role relative to system-level testing. 


C. DEFINITIONS 

Terms used in this compilation are defined belmr: 

(1) Photovoltaic Systems Test Facility (PV-STF) : A facility that tests 

and evaluates the performance of total PV systems, subsystems, and 
their interfaces. 

(2) Subsystem Test Facility : A facility that tests and evaluates the 

performance of PV subsystems. Currently, there are three 
subsystems: array, power processing, and energy storage. 

(3) Component Test Facility : A facility that tests and evaluates the 

performance of major PV system cos^onents, such as PV modules and 
inverters, vdiich are elements of subsystems. Component testing 
includes environmental and accelerated-life testing. 

(4) Environmental Testing : Testing that attempts to identify the 

mechanisms of failure caused by extremes of loads induced by 

environmental forces, either acting alone or in combination. 

(5) Accelerated-Life Testing : Testing that atteiq>ts to accelerate 

long-term degradation effects and, in so doing, correlate that 
degradation with time. 

(6) Program Center Test Facilities : Facilities that are directly owned 

or sponsored by the Fe<leral Goveitnent and are a part of the 
National Riotovol talcs Program. 
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(7) Mon-ProgrM—tic FaellitUi s Test facilities that are either owned 
and operated by a atate or agency thereof or are privately owMd. 
These facilitiea are available to the Progrn on a contract basis 
as required. 
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SECTION II 


PHOTOVOLTAIC SYSTEMS TEST FACILITY DESCRIPTION 


A. CHARACTERISTICS OF THE PHOTOVOLTAIC SYSTEMS TEST FACILITY 

For purposes of Chis document, the principal characteristic of the PV-STF 
that distinguishes it from a typical full-scale system demonstration is that 
the facility is adaptable to a variety of PV system configurations, rather 
than dedicated to the evaluation of a single, specific design. Ideally, a 
PV-STF will be able to test various combinations of PV modules and arrays, 
including flat-plate or concentrator, PV and thermal, (whether side-by-aide or 
combined), and accommodate either stand-alone or grid-interactive system 
designs. Additionally, the PV-STF should be capable of accepting config- 
uration changes rapidly enough to permit practical retesting and evaluation. 
This latter characteristic is termed "breadboarding." 


B. PHOTOVOLTAIC SYSTEMS TEST FACILITY IMPLEMENTATION 

The following are key elements in the implementation of PV-STFs: 

(1) PV System Configuration ; In its most general form, a photovoltaic 
(or more properly, photovoltaic/thermal) system is configured as 
shown in Figure 2-1. Both electrical and thermal systems are 



Figure 2-1. Generalized Photovoltaic System 
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involved. It should be noted that current eye tens concepts for 
aost applications are considerably simpler chan this genetal 
configuration! involving only the electrical system eleoMnCs. 
Medium-sise system concepts (commercial and industrial 
applications) presently exhibit the greatest diversity! due to the 
potential value of both electrical and thermal energy in this 
sector! and the potential for either concentrator or flat'plate 
designs. To support Che development of a technology characterised 
by a large variety of practical system forms and applications! it 
is clearly of value for a PV-STF to be highly adaptable! allowing 
quick reconfiguration of its test bed to accommodate and test a 
different system once testing of a previous systesi is complete. 

(2/ Test Procedures and Equipment : In the development and coaq>arative 

evaluation of multiple system concepts! commonality of test 
equipment and procedures is essential. With several PV-STFs in 
different climates testing a variety of photovoltaic systems! 
uniformity of test methods is essential to ensure valid cos^arison 
of results. The National Photovoltaics Program has supported the 
development of such test methods with the cooperation of private 
laboratories! industry! government! and public interest groups. 

The results to date appear in Interim Performance Criteria for 
Photovoltaic Energy Systems , a ''ocument published by the Solar 
Energy Research Institute These results are expected to provide 
a uniform basis for subsequent development of industry-wide test 
procedures and standards for evaluation of PV systems. 

(3) Data Acquisition and Processing : Typical kinds of information 

provided by a PV-STF include efficiency for various modes of 
operation, initial reliability estimates, transient response 
characteristics, assessoMnt of system siodeling and simulation, 
assessment of control strategies, and stability evaluation. Timely 
analysis and dissemination of the results of programmatic systems 
testing and evaluation performed in PV-STFs are expected to enhance 
the worth of these data. 


^ Interim Performance Criteria for Photovoltaic Enerp Systems , 
SEtl/TR-74T-654! E. DeBlasio, et. al., December 1980. This document, issued 
by the Solar Energy Eesearch Institute, Golden, Colorado, for the U.S. 
Department of Energy, presents interim results of efforts ’’'to identify, 
develop, and promulgate performance criteria and test methods for photo- 
voltaic solar energy conversion systems." 
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SECTION III 


PHOTOVDMAIC SYSTEMS TEST FACILITIES: EXISTING CAPABILITIES 


This section summarizes, in tabular form, the information collected on PV 
system, subsystems, and major component testing facilities. Addressed are 
general facility information as well as representative testing capabilities. 

The information contained in the following tables is not intended as an 
exhaustive description of the capabilities of each facility, nor does it pur- 
port to indicate what tests are appropriate for particular system or subsystem 
development activities. Rather, the included information is intended pri- 
marily to illustrate the general range of capabilities provided by each 
facility. Inquiries regarding more specific test capability or facility avail- 
ability should be directed to the appropriate facility contact (see Tables 3-1 
and 3-2). 

The compiled information is contained in four sections, as follows: 

(1) Summary Tables : Table 3-1 summarizes the information obtained for 

the National Photovoltaics Program Centers. Locations, contacts, 
application sector capabilities, maxirawn power handling capability 
and, where available, initial and annual costs are shown. 

Table 3-2 sumnarizes the capabilities of private laboratories. 

(2) System Test Capabilities : Table 3-3 delineates the capabilities of 

those facilities that have total system testing capacity. These 
capabilities are broken down by major subsystem; i.e., array, power 
conditioner, and storage. 

(3) Subsystems Test Capabilities - Photovoltaics Program Centers ; 

Tables 3-4 through 3-6 present detailed descriptions of the test 
capabilities of the Program field centers. 

(4) Subsystems Test Capabilities - Private Laboratories ; Tables 3-7 
through 3-9 give a detailed description of the test capabilities of 
the private laboratories surveyed. 
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Table 3-1. General Facility Information; U.S. DOE Photovoltaics Program Centers 
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Table 3-2. General Facility Information; Private Laboratories 
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Wyle Laboratories 7800 Governors Dr. West (205) 837-4411 Environmental testing capabilities include acceler- 

Huntsville, Alabama Mr. David Christensen ated testing, power conditioner testing to 27 kW DC 

35807 load capability to 110 kW 



Table 3-4. Collector Test Capabilities: Photovolta^ cs Program Centers 



Table 3-4. (Cont'd) Collector Test Capabilities: Photovoltaics Program Centers 



Table 3-4. (Cont'd) Collector Test Capabilities: Photovoltaics Program Centers 
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Table 3-5. Power Conditioner Test Capabilities; Pbotovoltaics Program Centers 
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Table 3-5. (Cont’d) Power Conditioner Test Capabilities: Photovoltaics Program Centers 
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Table 3—5. (Cont*d) Power Conditioner Test Capabilities: Photovoltaics Program Centers 
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Table 3-6. Storage Test Capabilities: Photovoltaics Program Centers 



Table 3-7. Collector Test Capabilities: Private Laboratories 
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Table 3-7. (Cont'd) Collector Test Capabilities: Private Laboratories 
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Table 3-7. (Cont'd) Collector Test Capabilities: Private Laboratories 
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Table 3-8. Power Conditioner Test Capabilities: Private Laboratories 



Table 3-8. (Cont’d) Power Conditioner Test Capabilities; Private Laboratories 
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Temperature Saall Chafer 


Table 3—8. (Cont’d) Pover Conditioner Test Capabilities: Private Laboratories 



Table 3-9. Storage Test Capabilities: Private Laboratories 
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(Volts, saps, shunts) — — Yes Yes — — Yes 



